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A .  System Operat ion 

The purpose of the bone d e n s i t y  mzasuring system is  t o  e v a l u a t e  

t h e  i n t e g r a t e d  bone d e n s i t y  over a s p e c i f i c  c ros s - sec t ion  of bone. 
The problem may be described as  fo l lows .  

A roentgenogram of a s tandard aluminum c a l i b r a t i o n  wedge and 

t h e  des i r ed  bone i s  obtained i n  a s i n g l e  exposure.  This i n s u r e s  

uniform exposure and processing cond i t ions  f o r  t he  r e fe rence  and 
the  v a r i a b l e  t o  be measured. The developed f i l m  i s  then  scanned 

t o  measure o p t i c a l  d e n s i t y  by means of a scanning microdensitometer.  
F i r s t ,  t h e  image of t h e  wedge i s  scanned t o  determine the  r e l a t i o n  

between o p t i c a l  d e n s i t y  and the th i ckness  of t h e  r e fe rence  wedge 

as recorded on t h i s  p a r t i c u l a r  f i l m .  The g r a p h i c a l  r e p r e s e n t a t i o n  

of the  o p t i c a l  scanner  output f o r  a scan of the wedge image may 
look similar t o  t h e  curve shown i n  Figure 1. 

O p t i c a l  
Scanner 

Voltage 
ou tpu t  

Time (Distance along wedge or wedge t h i c k n e s s )  
FIGURE 1. Typica l  Wedge Scan Curve 

Secondly, t h e  bone image i s  scanned along t h e  d e s i r e d  c ros s -  

s e c t i o n .  A t y p i c a l  curve i s  dep ic t ed  i n  Figure 2 .  

O p t i c a l  
Scanner 

Voltage 
o u t  put 

Time (Distance along bone) 

FIGURE 2 .  Typical  Bone Scan Curve 
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The curves shown i n  Figures 1 and 2 r ep resen t  t h e  basic inpu t s  f o r  
measurement of bone d e n s i t y .  
t h e  o p t i c a l  scanner  vo l t age  output  f o r  t h e  bone scan t o  a curve  of 

equiva len t  d e n s i t y  ( i n  terms of wedge th i ckness )  and i n t e g r a t e  t h e  

area under t h e  r e s u l t i n g  curve.  
ou tput  for t h e  bone scan and equ iva len t  wedge th i ckness  i s  made using 
t h e  f i r s t  curve .  The curve i s  entered  a t  t h e  value of o p t i c a l  scanner 

output  and t h e  wedge thickness  i s  read on t h e  a b s c i s s a .  T h i s  equ iva len t  

wedge th i ckness  i s  used i n  the  subsequent i n t e g r a t i o n  of t h e  d e n s i t y .  

The computation system must then conver t  

The conversion between o p t i c a l  scanner  

I n  t h e  analog s y s t e m  i n  u se  a t  Texas Woman's Un ive r s i ty ,  t h e  
conversion between o p t i c a l  scanner output  dur ing  t h e  bone scan and 

equ iva len t  wedge th i ckness  is  made by us ing  a nonl inear  r e s i s t a n c e  

s l i d e w i r e  output  from a char t  r eco rde r .  
manually ad jus t ed  with twenty potent iometers  so  t ha t  t h e  ou tpu t  i s  
approximately l i n e a r  dur ing  a wedge scan. The i n t e g r a t i o n  i s  accomplished 
by us ing  an  electro-mechanical i n t e g r a t o r .  A block diagram of t h i s  

system is shown in  Figure 3 .  

The n o n l i n e a r i t y  can be 

I 

DENSITOMETER INTEGRATOR 
RECORDER RECORDER 

20 Segment 
L inea r i z ing  Potent iomet e r  

L-l 

FIGURE 3 .  Block Diagram of Analog Bone Density Computer System 

I 

.*. . . 
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* D i g i t a l  6-B TTY Input- 
Output Computer 

t 

B. Descr ipt ion of D i g i t a l  System 

A system u t i l i z i n g  a d i g i t a l  computer has  been implemented t o  

The o p t i c a l  scanner output  vo l t age  i s  converted t o  

perform t h e  computation funct ions similar t o  thosrl performed by t h e  

analog system. 

a d i g i t a l  format for s torage  and subsequent process ing  by t h e  d i g i t a l  
computer. A f t e r  both t h e  wedge and bone scans have been completed, 
t h e  computer conver t s  t h e  s tored  bone scan d a t a  t o  equiva len t  wedge 

th i ckness  by us ing  t h e  s tored wedge scan d a t a .  The bone d e n s i t y  i s  
then  in t eg ra t ed  a long  t h e  scan by us ing  t h e  t r a p e z o i d a l  approximation 

i n t e g r a t i o n  formula. 

i s  shown i n  Figure 4 .  

The block diagram of t h e  d i g i t a l  ins t rumenta t ion  

I- Scanning 
Microdensitometer 

Scan L i m i t  

FIGURE 4. Block Diagram of Digital  System 
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I n  ope ra t ion ,  t h e  da t a  c o l l e c t i o n  by t h e  computer i s  c o n t r o l l e d  

by t h e  l i m i t  switches of t h e  densi tometer  which mark t h e  beginning 

and end of t h e  scans .  The sampling times a re  c o n t r o l l e d  by a c lock  

i n  t h e  computer. The t e l e t y p e  u n i t  i s  used t o  c o n t r o l  t h e  computer 

by d i r e c t i n g  it t o  prepare  f o r  a wedge or bone scan ,  spec i fy ing  bone 

scan speed used,  spec i fy ing  p r i n t o u t  op t ions  d e s i r e d ,  and i n  typ ing  

i d e n t i f y i n g  information on t h e  p r i n t o u t .  
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C .  System S p e c i f i c a t i o n s  ( D i g i t a l  Ins t rumenta t ion)  

The d i g i t a l  sys t em p r i n t s  o u t  t h e  i n t e g r a t e d  bone d e n s i t y  i n  

both t h e  a r b i t r a r i l y  sca l ed  system i n  which the  area under the wedge 

scan curve i s  de f ined  t o  be 6500 and a l s o  i n  t h e  u n i t s  of equ iva len t  
. c r o s s - s e c t i o n  area of aluminum (square  centimeters). The system w i l l  
o p t i o n a l l y  p r i n t  out s u b t o t a l  a r e a s  of t e n  approximately equal  l eng th  

segments. 
i s  d i v i s i b l e  by t e n .  If t h e  t o t a l  number i s  not  d i v i s i b l e  by t e n ,  
the i n i t i a l  increments w i l l  be increased  by one sample each u n t i l  t h e  

odd number of samples i s  u t i l i z e d . )  I n  a d d i t i o n  t o  t h e  i n t e g r a t e d  

d e n s i t y  and bone l eng th  da t a  p r i n t e d  o u t ,  t h e  p r i n t o u t  inc ludes  a 
forinat f o r  adding i d e n t i f y i n g  informat ion  t o  t h e  output  page f o r  a 
permanent r eco rd .  

(The l eng ths  w i l l  be equal  i f  t h e  t o t a l  number of samples 

The system has t h e  capac i ty  t o  s t o r e  170 samples of the  wedge 

scan  d a t a  and 300 samples of bone scan  data. 

e s t a b l i s h e d  i n  t h e  program i s  1 sample per  second. The s tandard  
wedge normally produces approximately 156  samples over 13 centimeters 
a t  a 5.0 cm/sec scan r a t e .  

data a l lows  scanning a bone length  of 25 cent imeters  a t  5.0 cm/sec 
scan  speed. I n  use ,  t h e  bone scan speed should be chosen so t h a t  t h e  

number of samples i s  as l a rge  as p o s s i b l e ,  up t o  a maximum of 300. 

Note: 
p r i n t o u t  data w i l l  no t  be v a l i d .  

The sampling rate 

The capac i ty  of 300 samples of bone scan 

I f  t h e  s to rage  l i m i t a t i o n s  of t h e  system are  exceeded, t h e  

The system i s  s e t  up t o  ope ra t e  wi th  an  ana log  vo l t age  inpu t  i n  

t h e  range of 0 t o  -10 v o l t s  where 0 v o l t s  r e p r e s e n t s  maximum o p t i c a l  

d e n s i t y  . 
The accuracy i s  pr imar i ly  dependent on ope ra to r  care i n  s e t t i n g  up 

the images for  scanning. (A more d e t a i l e d  d i scuss ion  i s  contained 
i n  Sec t ion  I11 of t h i s  r epor t  .) 
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11. OPERATING INSTRUCTIONS FOR THE D I G I T A L  SYSTEM 

This  s e c t i o n  assumes t h a t  t h e  program i s  i n  t h e  computer and ready 

f o r  ope ra t ion .  

checking t h e  program r o u t i n e  i n  the  computer. 

A l a t e r  s e c t i o n  w i l l  s pec i fy  t h e  means of loading  and/or  

The program i s  operated as fol lows:  

1) Turn t h e  POWER key on t h e  computer. This  provides power t o  t h e  

computer and i t s  pe r iphe ra l  equipment. (Power t o  t h e  dens i tometer ,  . 
Speedomax G r eco rde r s ,  e t c . ,  i s  c o n t r o l l e d  i n  t h e  u s u a l  manner.) 

3) 

The program i s  s t a r t e d  a s  fo l lows:  S e t  OCTAL 0201  i n  t h e  SWITCH 

REGISTER. S e t  a l l  I n s t r u c t i o n  Switches up except  DEP ( t h i s  
switch i s  spring-loaded down), SING STEP and SING INST. Dep;.ess 
LOAD ADD, and then  depress START. The t e l e t y p e  macnine shouL. 
p r i n t  WAITING.  ( I f  WAITING i s  no t  p r i n t e d  o u t ,  t h e  program i n  
t h e  machine should b e  checked as descr ibed  i n  Sec t ion  I11 C . )  

The switch p o s i t i o n s  descr ibed above a re  v i s u a l l y  depic ted  i n  t h e  
accompanying diagram. 

are  r equ i r ed .  
No f u r t h e r  computer switch manipulat ions 

Any time WAITING i s  typed o u t ,  t h e  program i s  wai t ing for two 
c o n t r o l  numbers t o  be typed i n t o  t h e  computer. 
des igna ted  KS and IPS i n  t h e  progr&m are s i n g l e  d i g i t  numbers 

and are en te red  i n  sequence. They should be en tered  without a 
decimal po in t  and separated by a comma. These numbers d i r e c t  

t h e  program t o  prepare f o r  e i t h e r  a wedge or bone scan  and 

spec i fy  t h e  p r i n t o u t  des i r ed .  When it f i r s t  s t a r t s  and p r i n t s  

ou t  WAITING,  t h e  program i s  wai t ing  f o r  c o n t r o l  numbers t o  d i r e c t  

it t o  scan t h e  wedge and t o  spec i fy  i f  t h e  heading p r i n t o u t  i s  
d e s i r e d .  The c o n t r o l  numbers should be typed i n  as e i t h e r  9,O 

or 9,9. 

i s  skipped.  If  9 ,9  i s  en te red ,  t h e  heading p r i n t o u t  i s  made. 
During t h i s  p r i n t o u t ,  the  program s tops  a f t e r  each colon and waits 
f o r  t h e  ope ra to r  t o  type i n  t h e  i d e n t i f y i n g  informat ion .  The 

program w i l l  resume a f t e r  a l i ne - f eed  i s  typed.  

These two numbers, 

I f  9 ,0  i s  en tered ,  t h e  heading and information p r i n t o u t  



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

4) When t h e  program i s  ready f o r  t h e  wedge, t h e  computer w i l l  t ype  
WEDGE. Prepare t h e  o p t i c a l  scanner t o  scan t h e  wedge (dark end 

f i r s t ) .  When ready t o  scan ,  depress  t h e  t a b  b a r .  Note: t h e  
wedge scan speed should be 5.0cm/min. The scan l i m i t s  t o  t h e  

computer a r e  con t ro l l ed  by t h e  scan  d r i v e  switch and t h e  s t o p  

l i m i t  sw i t ches .  Scans should be started a t  one desired l i m i t  

and terminated by t h e  l i m i t  switch a t  t h e  o t h e r  l i m i t .  

Switch t h e  scanner d r ive  on. 5) The switch and t h e  l i m i t  on t h e  

scanner  s ta r t  and s t o p  d a t a  c o l l e c t i o n  by t h e  computer. 

When t h e  wedge scan i s  completed, t h e  computer w i l l  type 

W A I T I N G .  
-9,O or 0,-9.  

The c o n t r o l  numbers should then  be en tered  as e i t h e r  
These c o n t r o l  numbers d i r e c t  t h e  computer t o  

area under t h e  d e n s i t y  

w i l l  t ype  o u t  t h e  area 
segments and t h e  t o t a l  

A f t e r  t h e  above e n t r y ,  

speed of t h e  bone scan 

prepare  for a bone scan and spec i fy  t h e  form of t h e  d a t a  p r i n t o u t .  

If -9,O i s  en te red ,  t h e  computer w i l l  t ype  ou t  only t h e  t o t a l  
curve.  
under each of t e n  approximately equa l  

a r e a .  

t h e  computer t ypes  SCAN SPEED. 

must be typed i n .  

I f  0 , -9  i s  en te red ,  t h e  computei? 

The scan  

The scan speed should 

be typed i n  with a decimal po in t  such as i n  5.0 or 2 .5  cent imeters  

pe r  minute. 

The program then  al lows one l i n e  of i d e n t i f i c a t i o n  t o  be typed.  

A c a r r i a g e  r e t u r n  causes t h e  program t o  proceed. 

The program then  prepares t o  accep t  t h e  bone scan  d a t a  and t h e  

computer types  BONE. 

When ready t o  scan ,  depress  t h e  t a b  ba r .  

Prepare t h e  x-ray image f o r  t h e  scan. 

Switch t h e  scanner d r ive  on.  The d r i v e  switch and l i m i t  switch 

on t h e  scanner s t a r t  and s t o p  d a t a  c o l l e c t i o n  by t h e  computer. 
The computer proceeds t o  use  the  bone scan d a t a  t o  f i n d  wedse u 

equ iva len t s  , i n t e g r a t e s  t h e  va lues  , and p r i n t s  o u t  t h e  r e s u l t s .  

The program then  r e tu rns  t o  t h e  WAITING s t a t u s  ready t o  r e c e i v e  
a new set of c o n t r o l  numbers. A t  t h i s  po in t  s e v e r a l  a l t e r n a t i v e s  
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are a v a i l a b l e .  

a d i f f e r e n t  re ference  wedge image, r e t u r n  t o  S t e p  3 of t h i s  

procedure.  
i n  bone scan speed,  r e t u r n  t o  S t e p  6 of t h i s  procedure.  

the next  bone scan r equ i r e s  no change i n  t h e  r e fe rence  wedge or 
scan speed, the c o n t r o l  numbers may be entered as 0,O or 0,9. 

These two e n t r i e s  cause t he  computer t o  use t h e  same scan speed 
en tered  previous ly .  The 0,9 e n t r y  causes  t h e  computer t o  t y p e  

out  the  area under each of t e n  approximately equal  segments of 
t h e  d e n s i t y  curve and t h e  t o t a l  area. 
p r i n t o u t  of only t h e  t o t a l  a r e a .  

I f  the next bone scan w i l l  r e q u i r e  t he  use  of 

If the next bone scan w i l l  r e q u i r e  only a change 
If 

The 0,O e n t r y  causes  
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SWITCH REGISTER 

OPERATING INSTRUCTiONS: 

I .  T u r n  Power Key on. 

2. Set sw i tches  a s  shown above. 
Desress LOAD ADD, release. 
Depress  START, re lease.  

3. A f t e r  W A I T I N G  i s  t yned o u t ,  e r t e r  one of the  f o l  lcjwirtg tbe  
t e  I e type:  

9,O I f  headinq p r i n t o t i t  i s  riot des i red  

9;9 I f  headinq printout i s  des i red  

I f  headiqg i s  p r i n t e d ,  t yoe  i n  i d e n t i f y i n q  inF~,rv?t ion edch t ime 
p r  i n t o u t  stops; L * -meed t o  next head i nq c r  i r tou t  b) cieoressi riq 
the I i nc - feed  key. A f t e r  t h e  heading i s  f i n i s h e d  ccmputer w i l l  

, p r i n t o u t  WECGE. 
__I_ 

I f  heading i s  skipped, computer w i l . 1  p r i n t o u t  WFDGE. - 
4 .  Prepare o p t i c a l  scanner f o r  wedge scan, end set  s top  I i n j i t  5wi  t ch .  

J u s t  p r i o r  t o  beg inn ing  wedge scan w i t h  s w i t c h  on dens i tcmeter ,  
depress t a b  b a r  on the t e l e t y o e .  

- .  5 .  S w i t c h  scan d r i v e  on. 

6. A f t e r  the scan i s  compleled, t he  computer will p r i n t o u t  WAITING. 
Enter  one o f  t h e  f o l l o w i n g  on t h e  t e l e t y p e :  

-9, 0 I f  only t o t a l  area under t h e  bdne d e n s i t y  cu rve  i s  des i red .  

0, -9 I f  t o t a l  area and d r e a ' s a f  t e n  seqments a re  d e s i r e d .  

C l l 5 l T A L  BOHE D fNS iT ' f  
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7. The cor lputer w i  I I p r i q t o u ?  X A I J  SPTED. En1c.r t h e  bone scan speed on 
t h e  teletype w i t h  cl decimal p c i n t  ds i n  5.0 or  2.5 c e n t i m t c r s  p e r  
minu te .  I 

8 . The D r o g r d m  ;:I lclw% space f o r  t h e  cper  iinr 1 0  t y D e  i n  o n e  1 i ne  o f  
in format  icr? a t  i q i s  p o i v t .  A C,APF.IA~;E RET(IRN causes the Drogrem I C  

p rciceed. 

9. Prepbire f i l m  f o r  bone scdn and se t  s top  ~ i i - i t  switct,. J u s i  p r i o r  t o  
r e t e r ,  depress t a b  bsr-  on 4 beg i i n  fnq bone 

t e  I etyoe. 

I O .  Switdh scan d r  

I I .  P i  end of scan 

Procccd a s  f o l  

scan w i t h  s w i t c h  on densi 

v e  O'I. 

cmmputcr w i  I t p r i n t  d a t a  

ows : 

a n d  w i l  I t hen  e r i n t  WAtT tNC.  

a. To Scan d new wedae - bone combina t ion f  
r e t a r n  i o  s tep  3 i ?  t h i s  orocedure. 

b. To use l a s t  wedge scan in fo rmdt ion ,  b u t  d d i f f e r e n t  
bon&can speed, re*urn  t o  s'tep 6 / i n  t h i s  procedure. 

I 

c. To use l as t  
. t y p e  on +he 

0,O , I f  on 

* *  
k 

wedge. scan infarrnatiori, an4 same scaq speed, 
t e  I e type:  I 
y total area i s  to b e  ipr i n t e d .  

al  and' IO-segment are& are to  be p r i n t e d .  
1 

I 

I 

- -  
WERAT I ON _ _  PROCEDURE 
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A ,  Method and Accuracy of Computation Procedure 

Descr ip t ion  of Transfer  2y.nction Procedure 

The d i g i t a l  computer samples t h e  output  of t h e  o p t i c a l  scanner  

a t  equal  increments during t h e  scan of t h e  r e fe rence  wedge and 

t h e  bone. The da ta  co l l ec t ed  i s  s t o r e d  i n  t h e  computer memory 
f o r  subsequent processing.  

The wedge image i s  scanned f i r s t .  
a t  equal  time i n t e r v a l s  and t h e  va lues  a r e  s e q u e n t i a l l y  s t o r e d  i n  
computer memory. The uniform speed scan i s  s t a r t e d  a t  t h e  t h i n  
end of t h e  wedge and t h e  th i ckness  of t h e  wedge i s  a l i n e a r  
?unct ion of d i s t a n c e ,  thus t h e  t ime scale and s t o r a g e  l o c a t i o n  
indexes are l i n e a r l y  r e l a t e d  t o  wedge th i ckness .  The scanner 

output  sample s to red  i n  each l o c a t i o n  i s  a measure of t h e  o p t i c a l  

d e n s i t y  a t  a po in t  and the  index of t h e  l o c a t i o n  i s  a measure 
of t h e  wedge th ickness  corresponding t o  t h a t  o p t i c a l d e n s i t y .  

This  d a t a  s to red  during t h e  wedge scan i s  t h e  t r a n s f e r  f u n c t i o n  

r e l a t i n g  o p t i c a l  dens i ty  t o  wedge t h i c k n e s s .  

O p t i c a l  scanner ou tpu t  i s  sampled 

The bone image i s  scanned i n  t h e  same manner with t h e  samples of 

t h e  o p t i c a l  scanner output  being s to red  s e q u e n t i a l l y  i n  t h e  cm,?uter  

memory. These samples a r e  a l s o  taken  a t  equal  time i n t e r v a l s  

with a cons tan t  scan speed causing them t o  be uniformly spaced 

a long  t h e  bone image. 

A f t e r  the  bone has  been scanned, t h e  computer conver t s  each 

sample of t h e  o p t i c a l  scanner output  t o  a n  equiva len t  wedge 

th i ckness  us ing  t h e  s to red  t r a n s f e r  f u n c t i o n .  This  conversion 
is  made by comparing the  scanner  output  sample from t h e  bone t o  

success ive  output  samples from t h e  wedge u n t i l  a wedge sample 
l a r g e r  than t h e  bone sample i s  found. 

t h i ckness  is then  computed by us ing  l i n e a r  i n t e r p o l a t i o n  between 
t h e  index of t h e  l a r g e r  wedge sample and t h e  index of t h e  immediately 

preceeding smaller sample. 

The equ iva len t  wedge 

i 

I 
L 

The in t eg ra t ed  d e n s i t y  of t h e  bone is computed by us ing  t h e  
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equiva len t  wedge thickness  a t  each sample po in t  and applying 

t h e  t r a p e z o i d a l  approximation i n t e g r a t i o n  formula.  
i s  normalized such that i f  the s tandard  wedge were t o  be 

rescanned ( i n s t e a d  of using a bone),  t h e  area under t h e  d e n s i t y  
curve muld  c l o s e l y  approximate 6500. 

The ou tpu t  
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Accuracy l i m i t a t i o n s  
The accuracy l i m i t a t i o n s  introduced by t h e  use of t h e  d i g i t a l  

computer are l i s t e d  below: 

( a )  Quant izat ion i n  the  analog t o  d i g i t a l  conversion a t  t h e  
inpu t .  
d i g i t a l  conver te r  is a t  l e a s t  a n  o rde r  of magnitude b e t t e r  

than  t h e  accuracy of t h e  analog i n p u t ,  s o  t h i s  e f f e c t  i s  
n e g l i g i b l e .  ) 

Sampling t h e  wedge and bone image scans a t  i n t e r v a l s  causes  
a s l i g h t  reduct ion i n  accuracy.  
represented with 156  uniformly spaced samples, whi le  t h e  

number of samples from t h e  bone image i s  determined by t h e  

bone l eng th  and scan speed. 

300 bone image samples taken a t  one second i n t e r v a l s .  

t h e  scan speed should be s e l e c t e d  t o  o b t a i n  as many p o i n t s  

as poss ib l e ,  up t o  a maximum of 300 . )  

The most s e r ious  accuracy l i m i t a t i o n  appears  t o  be "noise" 
on t h e  o p t i c a l  scanner output  during t h e  wedge scan.  This  

no i se  i s  most prominent where t h e  image i s  very l i g h t  and 

t h e  o p t i c a l  dens i ty  i s  de-kermined by the  presence of r z i a t i v e l y  

few s i l v e r  p a r t i c l e s  appear ing  i n  t h e  scanner beam pa th .  

This  no i se  could be smoothed e f f e c t i v e l y  by us ing  a larger 
scanning a p e r t u r e ,  but t h i s  i s  no t  f e a s i b l e  with t h e  present  

microdensitometer a s  t h e  c a l i b r a t i o n  depends on using t h e  
same a p e r t u r e  f o r  both t h e  wedge and bone scan .  

(The r e so lu t ion  and s t a b i l i t y  of t h e  analog t o  

(b) 
The wedge i s  t y p i c a l l y  

The computer program can  accep t  

(Thus 

( c )  
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B.  Program D e t a i l s  

The computer used for t h i s  a p p l i c a t i o n  was a basic D i g i t a l  

Equipment Corporation PDP-8 with a memory of 4096 twelve b i t  words and 

wi th  only a bas i c  adding a r i t h m e t i c  u n i t  (A - r e g i s t e r  o n l y ) .  
capac i ty  of t h e  computer and the problem are c l o s e l y  matched t o  each 

o t h e r .  

of t h e  program and t o  be ab le  t o  perform t h e  c a l c u l a t i o n s  r equ i r ed ,  

t h e  POP-8 FORTRAN system was chosen. The FORTRAN system furn ished  

t h e  f l e x i b i l i t y  of modi f ica t ion ,  t h e  necessary a r i t h m e t i c  packages, 

and f l e x i b l e  inpu t  and output o p t i o n s .  The space requirements for 
supplementary subprograms, the  bas i c  FORTRAN c o n t r o l  program, and 
heading information exceeded t h e  memory of t h e  computer. I n  o r d e r  t o  
overcome t h i s  problem, t h e  subprograms wsre overlayed over unused 
po r t ions  of t h e  FORTRAN opera t ing  s y s t e m  and t h e  heading information 
was combined with c o n t r o l  information and condensed t o  a c h a r a c t e r  

s t r i n g  t h a t  i s  scanned by t h e  c o n t r o l  program I N P R N .  F i n a l l y  hand 
coded i n s t r u c t i o n s  were i n s e r t e d  t o  u t i l i z e  t h e  l a s t  remaining spaces  

i n  t h e  memory. 
upon completion of t h e  program. 

The 

To be a b l e  t o  achieve t h e  maximum f l e x i b i l i t y  i n  modi f ica t ion  

There were t h r e e  known unused l o c a t i o n s  i n  t h e  computer 

The main program i s  w r i t t e n  i n  FORTRAN and i s  p r imar i ly  t h e  

a r i t h m e t i c  po r t ion  of t h e  program. 
odd PAUSE s ta tements  i n  t h e  program. These PAUSE s ta tements  with 

numbers fol lowing them are depar tures  from t h e  main program t o  a 
subrou t ine .  The FORTRAN system gene ra t e s  an addres s  ca r ry ing  jump 

t o  t h e  o c t a l  equ iva len t  l oca t ion  given by t h e  decimal  number fo l lowing  

PAUSE. 

One may no te  t h a t  t h e r e  are  some 

The normalizat ion and i n t e g r a t i o n  i n  t h e  main program i s  based 

on t h e  assumption t h a t  t h e  th ickness  of t h e  wedge i s  a l i n e a r  f u n c t i o n  

of l e n g t h  and t h a t  t h e  t o t a l  a r e a  under t h e  normalized wedge curve 
i s  6500. The wedge scan appears nonl inear  because of t h e  process of 

roentgenographic exposure and process ing .  
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The t o t a l  a r e a  under t h e  normalized wedge curve i s  assumed t o  be 

Area = 2 9; A N  h = 6500 

where ANW i s  t h e  l eng th  of t h e  wedge and h i s  t h e  maximum t h i c k n e s s .  

The th i ckness  ( B )  of t h e  wedge a t  any po in t  ( K )  i s  given by 
B = K > k  h .  

ANW 

Combining t h e  two equations y i e l d s  

B = 13000 ;k K . 
ANW ANW 

The f a c t o r  13000 i s  def ined a s  CFAC i n  t h e  program. 
ANW 2y ANW 

To f i n d  t h e  wedge equiva len t  a t  a poin t  along t h e  bone scan ,  

t h e  program starts with K = 2 and indexes K u n t i l  it f i n d s  t h e  f i r s t  
va lue  of o p t i c a l  scanner output  from t h e  wedge scan t h a t  exceeds 

t h e  va lue  of t h e  o p t i c a l  scanner output  from t h e  po in t  on t h e  bone 
scan .  Linear  i n t e r p o l a t i o n  between t h e  po in t  K and t h e  po in t  K-1 
is t h e n  used t o  determine the  equ iva len t  value of K t o  use  i n  t h e  
i n t e g r a t i o n .  

The bone scan i s  broken i n t o  t e n  approximately equa l  segmencs 

f o r  t h e  i n t e g r a t i o n .  The i n t e g r a t i o n  formula used i s  
A = CFAC 9: eE K ( J )  9; AMV 

J=IS 

where AMV = k a t  t h e  end poin ts  of each i n t e r v a l  and AMV = 1 a t  a l l  
i n t e r n a l  p o i n t s .  

The FORTRAN language program l i s t i n g  and f low c h a r t  are  shown 

i n  Figures 5 and 6 .  Discussions of i n d i v i d u a l  sub rou t ines ,  program 

l i s t i n g s  and flow c h a r t s  fol low.  
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FIGURE 5.. 

MAIN PROGMM LISTING 

BONE DENSITY CALCULATIONS 
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FIGURE 5. 

MAIN PROGRAM L I S T I N G  
BONE DENSITY CALCULATIONS 
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FIGURE 6 .  

MAIN PROGRAM FLOW CHART 
BONE DENSITY CALCULATIONS 

I n i t i a l i z e  

IB (1) = 0 
NP = 1 0  
Nw = 10 

Iw (1) = 0 

I 
1 

ANW = NW 1 WAITING TYPE I 
( G O  Pause TO INPRN) 2176 

Subrout ine ACCELDT -1 KS, IPS 

17 

Page 1 of 4 

Scan bone w 
SCAN SPEED Q 

CFAC = 

/ PAUSE 2304 \ 
Type One Line To 

Carriag-e Return  
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FIGURE 6 .  

M A I N  PROGRAM FLOW CHART 

PAUSE 2176 
Go To ISPRN 

ANP = NP 

18 
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TYPE 
NUMBER OF SAMPE POINTS 
BONE LENGTH (CM) 

I I 

I r------ 

IQ=NP/10 
IR=NP- ( ~ o ~ ~ I Q )  
I S  =1 
IE=IQ 
AR=O .O 
A=O .O 
AMV=O .5 

1 1 = 1  

I J = I S  

I I IBX = I B ( J )  

'J. 
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FIGURE 6 .  
MAIN PROGRAM FLOid CHART 

I 
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1 I 

KK=K- 1 
X=KK 
IWK=IW(KK) 
DY N=IBX - IWK 
DYD=IWCK)-IWK 
B=X+( DYN/DYD ) 

Y=BQMV 
A=A+Y 
AR=AR+Y 
AMV=l . 0 

I 1 
I S  = IE+l  
I%=IE+IQ 
Y2=Y/2  .o 
A=( A - Y2 ) 'TFA C 

1 

1 
J 
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FIGURE 6 .  

MAIN PROGRAM FLOW CHART 20 
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I I S = I E + l  I 
IE=IE+IQ 
Y 2 = Y / 2  .o 
A= ( A -Y 2 ) " C FA C 

L 
I 

J 
f 1 

Increment And 
1/10 Segment 

I No , 
1 A = Y 2  

No 

1 Yes 
I 
AR=( AR-Y 2 )$'CFAC 

A=AR?(O .G0245/SPED) 

I 
V 

TYPE T o t a l  In t eg ra t ed  

Counts And Equivalent Count 
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2 1  

INRPN - I n t e r n a l  Cont ro l  Routine 

This  r o u t i n e  i s  t h e  c e n t r a l  program f o r  t h e  i n t e r n a l  c o n t r o l  
of t h e  analog t o  d i g i t a l  conversion rou t ines  and t h e  wedge heading 
p r i n t i n g  r o u i i n e .  The subrout ine i s  e s s e n t i a l l y  a d e c i s i o n  and 
switching network. It tests KS and IPS t o  determine whether t o  s e t  
up f o r  a bone or wedge scan and as t o  whether t o  p r i n t  or n o t  p r i n t  
headings i n  unscrambling the c h a r a c t e r  s e r i e s  it d e t e c t s  from t h e  
c h a r a c t e r  it acqu i re s  what func t ion  t o  perform. It d e t e c t s  whether 

o r  n o t  a cha rac t e r  i s  a normal a l p n a b e t i c  cha rac t e r  (A - Z ) .  I f  

it i s  an a lphabe t i c  cha rac t e r ,  it p r i n t s  t h e  c h a r a c t e r .  I f  t h e  
c h a r a c t e r  i s  o t h e r  than  A-Z, it i s  i n t e r p r e t e d  and var ious  o t h e r  

func t ions  occur .  The following are  t h e  c h a r a c t e r s  recognized and 

t h e  func t ions .  

CHARACTER from ASA-33 Code FUNCTION 
PACKED CHARACTER 

Space 
! 

/ 

, 

40 P r i n t  s pac e 

41  Go wait for t ab  bar t o  be 
depressed ,  c a r r i a g e  r e t u r n ,  
then  line feed  

44 End t h e  r o u t i n e  
52 Convert analog t o  d i g i t a l  
57 Line feed one l i n e  

72 

73 

P r i n t  colon and one space ,  
wai t  f o r  c a r r i a g e  r e t u r n ,  
then  l i n e  feed 

S e t  up f o r  analog t o  d i g i t a l  
con vers  ion  

Although t h e  program is ieiigthy and t h e  planning of t h e  o r i g i n a l  

l o g i c  was r a t h e r  complex, t h e  f i n a l  working r o u t i n e  i s  s t r a igh t fo rward .  

The fol lowing i n s t r u c t i o n s  were hand coded i n t o  t h e  f i n a l  
v e r s i o n  of t h e  program so a s  t o  a l low s p e c i a l  c o n t r o l s  by KS and 

IPS t o  s k i p  prel iminary headings f o r  a wedge scan or rescan .  
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ADDRESS INSTRUCTION 

4211  56 1 2  JMPI 

4212 4 571  ADDRESS 

4 571 

4572 

4573 

4 574 

4575 

4576 

4577 

43 7 1  

4372 

43 73 

43 74 

4375 

43 76 

4377 

74 50 

5775 

73 00 

4216 

43 7 1  

1 7  76 

7440 

5213 

1377  

5217 

6425 

6633 

SNA 
JMPI (BRSC) 

CLACLL 

JMPI ( T i e )  

(BRSC)  
( T i e )  

TAD1 (LIPS) 

SZA 

JMP (4213) 

TAD (WEDGS) 

JMP (4217) 

(LIPS ) 

(WEDGS ) 

INPRN subrout ine  l i s t i n g  and f low c h a r t  a r e  shown i n  Figures 7 

and 8 .  
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43VV 
A?@ 1 
43P3 
49fl3 
4313 4 
.w!4 5 
43'7 6 
470 7 
49 1 I? 
431 1 
43 1 3 
49 1 3 
42 1 4 
4P 1 s 
43 1 6 
431 7 
433(1 
433 1 
4733 
4333  
432 4 
633 5 
433 6 
493 7 
433m 
43.1 1 
4932 
4333 
433h 
4935 
4336 
4937 
43 4nl 
4341 
43 4 3  
4343 
4344 
42 4 5 
43 46  
4747 
43 5Gl 
4251 
63 53  
42 5 3  
43 5 4  
4355 
43 56 
42 57  
43 6Gl 
6261 
43 6 3  
43 6 3  
13 6 1 

Clr  n p  
73qlij 
1 3 6 3  
4737  
lVlR 
3 3 f l S  
136n 
33457 
1 7 6 6  
745r;) 
531 6 
730m 
13367 
531 7 
137v  
3fllFI 
73[1?cI 
1 3 4 7  
7 5mm 
53 4[1 
7,100 
1410  
3 3 4 6  
1 3 4 6  
m347 
7DlP 
7 0 1 3  
7m13 
335Gl 
1361  
3 3 4 7  
5 2 4 6  
730fJ 
1 3 4 6  
@ 3 4 7  
335E 
136n  
3 3 4 7  
730QI 
1.3563 
1 3 5 7  
7 5 1 4  
530m 
74511 
53m4 
1353 
74561 
531 4 
1354 
74561 
5334 
1355 
7 4 5'1 
5 3 3 2  

FIGURE 7. 
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INPRN SUBROUTINE L I S T I N G  

*43nfi 
/ I N I T I A L  P E I N T  R O U T I N E  
I N P R N D  I? / EIV TI? y 

C L A  CLL / C L E A R  c\ L 
T A D  Ch'C!; /GET' C P R R I A G E  R E T U R N  C H A R .  
JNS I P k I N  / ciw ? P I N T  
T P D  10 / ti;--;  1r: 
D C A  518 / 5 f i i t E  L O C  10 
T A D  M SK LI / &ET N A F K  C O N S T A N T  
D C A  r . 1 ~ ~  / SFIT M S K  
T A D  I L K S  / GET K S  

J M P I  (4571)  
(HAND CODED INSTRUCTIONS ) 

CLP CLL / C L L P P  A L 
T A D  L O S T R  / LE-!' S T A R T '  O F  C H A R A C T E ! < S  
J PI F: L X / J i L I P l i  T O  P P G C E E D  

R R S C J  T A D  R L I S T  / G E T  S T A R T  OF B O N E  L I S T  
L X D  D C A  l f i  
L I D  C L A  CLL / C L E A R  A L 

T A D  FISK / Lb:T M S K  
si4 A / i S  H S K  77017 
JMP LO77 / NO 
C L A  C L L  / Y T 5  C L E A R  A L 
T A D  I 1CI / L L T  NEXT C H A R A C T E R  
D C A  S C  / 5 P b E  C i i A \ H A C T E R  
T A D  S C  / S E T  I N  A 
A N D  MSK / GET U F i i  
K T R  / S H I F T  I i i t i F I T  2 2 
R T 3  / S H I F T  R I G H T  2 4 
R T R  / S H I F T  J < I G H T  2 6 
D C A  P R C  / S A V E  P R I N T  C H P R  
T A D  N.$.KL / bEiT L O k  ivlASK 

JMP C K C  / GO C H E C K  

T A D  S C  / GET S A V E D  C H A R  
A N D  N.SK / i.iA.CK 

T A D  N S K U  / GET UPR M A S K  
D C A  M S K  / S E T  M S K  

T A D  P R C  / GET C H A R A C T E R  
T A D  M40 / S t i R T F . ' A C T  4pi T O  C H E C K  49) 
S P A  / I S  C H A R A C T E R  N E G A T I V E  
JMP N O R M C  / YES GO P R O C E S S  N O R M A L L Y  
S N A  1 I S  . S P A C E  
J I 4 P  S P C Y  1 YES G E T  S P A C E  
T A D  N l  / S L I R T R P C T  1 T 3  C H E C K  41 
SNA / I S  C H A R A C T E R  E X C L A i ' I A T I O N  N A R K  
JMP NFTR / YES G O  i l i A I T  F O R  S P P C E  
T A D  PI3 / S I J R T G A C T  3 1'0 C H E C K  4 4  
S N A  / I S  C H O R A C T E F ?  C O D E  F O R  E N D  O F  T A P E  ( D O L L B  
J N P  ENDT / YES LCJ 7 E Y N I N A T E  K O U T I i V E  

D C A  M S K  SET rqsK 

L077r  C L A  C L L  / C L E A R  A L 

DCA P 3 C  / SAVE A S  ?F?I>dT C H A R  

C K C J  CLA CLL / C L E A r i  A L 

T P, D ;4 6 / .5~L.IF;T!,.t~~,CT 6 TO C X E C K  5? 
S N A  / 1.5 Cfi!'.. A C T E R  A S T E F < I S K  
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WAITCR - Wait f o r  Carr iage Return 

This  subrout ine reads a c h a r a c t e r  t h a t  i s  typed on t h e  keyboard 

then sends back t h e  cha rac t e r  t o  p r i n t  on t h e  c a r r i a g e .  
i s  then  t e s t e d  t o  see  i f  i c  i s  a c a r r i a g e  r e t u r n  c h a r a c t e r .  
cha rac t e r  i s  a c a r r i a g e  r e tu rn  c h a r a c t e r ,  then an e x i t  from t h e  
subrout ine  i s  performed otherwise t h e  r o u t i n e  r e t u r n s  t o  r epea t  t h e  
above process .  

The c h a r a c t e r  
I€ t h e  

WAITSP - Wait for Space Character 

This  subrout ine i s  i d e n t i c a l  t o  t h e  one above except t h a t  a 

space ( t a b )  bar  cha rac t e r  is sought .  

RPI: - Repeat 

This  subrout ine reads a c h a r a c t e r  from t h e  keyboard then  p r i n t s  

t h e  c h a r a c t e r  on the  c a r r i a g e .  

l i n e  with t h e  computer, s t r i k i n g  a key does not  cause t h e  p r i n t  bars  

t o  s t r i k e  t h e  c a r r i a g e .  

t h e  l a t t e r  t o  happen.) 

(When t h e  t e l e t y p e  i s  ope ra t ing  on 

The computer must send s i g n a l s  t o  cuase 

See F igu res  9 and 1 0  for t h e  l i s t i n g s  and flow c h a r t s  of WAITCR, 

WAITSP, and RFT. 
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RDKEY - Read Keyboard 

This r o u t i n e  reads one cha rac t e r  from t h e  keyboards. 

PRINT - P r i n t  

This r o u t i n e  takes  a cha rac t e r  and sends it f r o m  t h e  computer 
t o  t h e  t e l e t y p e  t o  cause t h e  type bars  t o  s t r i k e  t h e  c a r r i a g e .  

ADWEG - S e t  AD for Wedge 

This  r o u t i n e  s e t s  up t h e  analog t o  d i g i t a l  conversion r o u t i n e  

for t h e  wedge scan .  

ADBON - S e t  AD for Bone 

This r o u t i n e  s e t s  up  t h e  analog t o  d i g i t a l  conversion r o u t i n e  

f o r  t h e  bone scan .  

See Figures  1 1 a n d  1 2  for l i s t i n g s  and flow c h a r t s  of RDKEY, 

PRINT, ADWEG, and ADBON. 
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ADCON - Convert AD 

This subroil t ine i s  the  working r o u t i n e  t h a t  wai ts  t o  s t a r t  when 

a microswitch c l o s e s  on the dens i tometer ,  causes  t h e  analog t o  
d i g i t a l  conver t  t o  conver t  information every second and s t o p s  when 
t h e  l i m i t  microswitch on the dens i tometer  opens. 

The fol lowing is a desc r ip t ion  of t h e  s t e p s  t h a t  occur  i n  the 

subrout ine .  
s t e p s .  

Refer t o  t h e  following flow c h a r t  f o r  t h e  descr ibed  

The r o u t i n e  i n i t i a l i z e s  i t s e l f  by saving and s e t t i n g  c e r t a i n  
l o c a t i o n s  i n  t h e  memory. 
A s i g n a l  b i t  c r ea t ed  by t h e  microswitch c l o s i n g  on t h e  dens i tometer  
i s  t r a n s f e r r e d  i n t o  the computer. I f  t h e  switch has  c losed  a 

1 b i t  i s  t r a n s f e r r e d  i n t o  t h e  A regis ter .  
A t e s t  i s  made t o  see i f  t h e  1 b i t  i s  i n  t h e  A r e g i s t e r .  I f  

1 b i t  i s  not  i n  t h e  - A r e g i s t e r ,  t h e  program r e t u r n s  t o  s t e p  2 .  

I f  t h e  1 b i t  i s  present ,  t h e  program proceeds.  

- 
- 

CONLP - The analog t o  d i g i t a l  conve r t e r  i s  
information.  

The c lock  count i s  picked up. 

The c lock  count i s  places i n  l o c a t i o n  CLOC 

The i n t e r n a l  c lock  ( I K C )  i s  enabled.  

The computer wai t s  for a c lock  pu l se .  

The c lock  count CLOC i s  incremented by one 
it i s  zero .  I f  t h e  count i s  n o t  ze ro ,  t h e  

s t e p  7 .  I f  t h e  c o ~ ~ n t  is  zero ,  t h e  p-;-nm-m "Y 

s t e p .  Note: T n i s  loop de lays  a t o t a l  of 

s e l e c t e d  t o  r ece ive  

(complemmted member). 

and t e s t e d  t o  s e e  i f  
program r e t u r n s  t o  
proceeds t o  t h e  next  

1.090439 mi l l i s econd .  

The analog t o  d i g i t a l  conver te r  i s  t e s t e d  t o  see i f  it is  ready 
t o  t r a n s f e r .  
program waits. I f  it is ready,  t h e  program proceeds.  
The va lues  read by t h e  conve r t e r  are t r a n s f e r r e d  i n t o  t h e  computer. 

The s i g n  b i t  i s  removed by adding 4000 o c t a l  t o  t h e  number suppl ied  
by t h e  conve r t e r .  
The number i s  d iv ided  by 2 by s h i f t i n g  t h e  number one b inary  

b i t  t o  t h e  r i g h t .  

If t h e  conver te r  i s  not  ready t o  t r a n s f e r ,  t h e  

' 
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14) The number is  s tored  i n  e i t h e r  t h e  wedge or bone s to rage  area 
whicn has  been p r e s e t  by a p-revious r o u t i n e  ADWEG or ADBON. 

The s i g n a l  b i t  i s  again t r a n s f e r r e d  i n t o  t h e  computer. If  t h e  
s i g n a l  b i t  i s  s t i l l  present ,  t h e  fol lowing s t e p s  a r e  performed 

otherwise t h e  computer proceeds t o  s t e p  20. 

The counter  ICNTR (which i s  a complemented number) is incremented 
by one. 

4 .  

1 5 )  

16) 
I f  ICNTR i s  not z e r o ,  t h e  program proceeds back t o  s t e p  

1 7 )  The c lock  i s  stopped. 

1 8 )  
1 9 )  The computer Halts. 

The warning 70 ,  70 o c t a l  i s  placed i n  t h e  A regis ter .  - 

A t  t h i s  po in t  i n  t h e  program, t h e  program has  e i t h e r  accepted 

over 200 wedge po in t s  or 300 bane p a i n t s  before  t h e  microswitch f o r  

t h e  end of scan has  opened. 

f o r  t h i s  bone scan.  
computer i f  t h e  scan i s  on a bone. 
be i n  e r r o r  and can be ignored. 
may be made and another  scan performed. 
scanning a wedge, t h e  same procedure can be used and t h e  program can 
be caused t o  r e scan  t h e  wedge through c o n t r o l  numbers. 

speed of scan and t h e  f a c t  t h a t  a po in t  i s  taken  every second, t h e  
maximum leng ths  of scan may be c a l c u l a t e d .  

1 4  c m  a t  .5cm/min. 

speeds i s  g iven  i n  the following t a b l e .  

This  i s  usua l ly  a t e rmina l  cond i t ion  

To proceed, p re s s  t h e  cont inue but ton  on t h e  
The answers t h a t  are  g iven  w i l l  

A readjustment  on t h e  densi tometer  
If t h i s  s t o p  occurs  while 

Using t h e  

The wedge i s  u s u a l l y  

The bone l e n g t h s  for 300 seconds and va r ious  

Speed cm/min I Scan Length c m  

1 
2 

5 

5 

1 0  

25 

20) The counter  i n  ICNTR i s  picked up and t h e  number of p o i n t s  read 

i n t o  t h e  machine ca lcu la ted  from t h i s  counter  va lue .  
The number of po in t s  i s  s t o r e d  i n  a s p e c i a l  l o c a t i o n  NV. 2 1 )  

2 2 )  The clock i s  s topped.  
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23) Locations saved a t  t h e  beginning of t h e  r o u t i n e  are i n i t i a l i z e d .  

24) A n  e x i t  from t h e  rou t ine  i s  performed. 

See Figures  13 and 14 f o r  l i s t i n g  and flow c h a r t  of ADCON. 
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ADCON FLOW CHART 
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IiDYSP - Read S p e c i a l  Tape 

The fol lowing r o u t i n e  is  a s p e c i a l  purpose program t h a t  was 

used i n  t h e  c r e a t i o n  of t h e  f i n a l  working program. Once t h i s  r o u t i n e  

had done i t s  i n i t i a l  j ob ,  it was destroyed by t h e  working program. 
However, t h i s  program could be read i n t o  t h e  machine and used t o  
create  nsw heading and c o n t r o l  information.  Caution: Other p r t s  
of t h e  program could be a f fec ted  because they r e f e r  t o  addres ses  
wi th in  t h e  cha rac t e r  s t r i n g .  

This  r o u t i n e  i s  used -to read i n  a s p e c i a l  t ape  c o n s i s t i n g  of a 

s t r i n g  of c o n t r o l  charac te rs  and heading d a t a ,  packs t h i s  in format ion  
i n t o  a condensed cha rac t e r  i'orm and s t o r e s  t h i s  information i s  s e r i a l  

sequence i n  t h e  memory. 

The fol lowing is  t h e  cha rac t e r  s t r i n g  t ape  t h a t  was processed 
by t h i s  program. Refer t o  subrout ine  IN-PRN f o r  t h e  manner i n  which 
t h e  c h a r a c t e r s  a r e  i n t e r p r e t e d .  

/SUBJECT NAME :SUBJECT NUMBER : EXPERIMENTAL U N I T  :DATE OF RADIOGRAPH : 

DIET : //DATE OF SCANNING : OPERATOR OF XRAY MACHINE :OPERATOX OF 
DENSITOMETER: ///BONE :BONE SITE :TYPE OF WEDGE:TYPE OF SCAN :UNITS 

OF OUTPUT : //// ;WEDGE !"$ ;/BONE I"/////$ 

See Figures  1 5  and 1 6  f o r  RDYSP l i s t i n g  and flow c h a r t .  
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C .  Program Loading, Operation and Output 

Tne gene ra l  information i n  the  D i g i t a l  Equipment Corporat ion Manual 

F-81 (PJP-8, A High Speed D i g i t a l  Computer), Manual F-85 (PDP-8 
Users Handbook), and Manual DIGITAL 8-2-S (PDP-8 For t r an  Programming 
Nanual) i s  assumed to be a v a i l d u e  diid L-hc u5er is assumed t o  be 

f a m i l i a r  with t h e  information i n  t h e s e  manuals. 
d e t a i l e d  d e s c r i p t i o n s  of opera t ing  i n s t r u c t i o n s  for t h e  computer. 

These manuals con ta in  

Appendix 6, page 242, of Manual F-85 and Appendix C ,  page 47 of 
Manual 8-2-S g ive  t h e  RIM l oade r ,  t h e  sequence t o  use  t h e  R I M  l oade r  
t o  load  a BINARY LOADER, and information t o  use  t h e  BINARY LOADER 

t o  load  a binary program t ape .  

1) 

The sequence of usage i s  a s  fo l lows .  

The R I M  l oade r  i s  manually loaded through t h e  console  i n t o  

l o c a t i o n s  7756 through 7777. Th i s  l oade r  i s  as fo l lows:  

ADDRESS CONTENTS 

7756 

7757 

7760 

7761 

7762 

7763 

7764 

776 5 

7766 

7767 

7770 

7771 

7772 

7773 

7774 

7775 

7776 

7777 

6032 

6031 

53 57 

6036 

7106 

7006 

7 510 

53 57 
7006 

6 0 3 1  

5367 

6034 

7420 

3776 

3376 

53 56 

0000 
0000 
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2)  A f t e r  t h e  RIM l oade r  i s  i n  t h e  machine t h e  BINARY LOADER may 

be loaded fromtpaper tape .  
on Taper t a p e  t h a t  is i n  t h e  Pi)?-8 tape l i b r a r y  and i s  i d e n t i f i e d  

on t h e  t a p e  l abe l .  This t a p e  i s  loaded by using t h e  i n s t r u c t i o n s  
i n  Appendix 6 of Manual F-85 o r  Appendix C of Manual 8-2-S for 
t h e  use  of t h e  RIM loader .  

The BINARY LCIADE33 i s  a s h o r t  program 

3 )  The bone d e n s i t y  program i s  on a binary t a p e  t h a t  may be loaded 

by t h e  binary loade r .  

t h e  i n s t r u c t i o n s  f o r  using t h e  binary l o a d e r  a r e  i n  Appendix 6 

of Manual F-85 or Appendix C of Manual 8-2-S. 

l oade r  may be r e s t a r t e d  a t  7756 i n  a d d i t i o n  t o  7777. 

When t h e  b ina ry  l o a d e r  i s  i n  t h e  machine, 

Note: Tne b inary  

4)  Once t h e  program i s  loaded, it rnay be s t a r t e d  a t  l o c a t i o n  0201 .  

All console  switches should be i n  normal opera t ing  p o s i t i o n s .  

The switch r e g i s t e r  switch corresponding t o  b i t  0 must always be 

down. 
switches i s  brought t o  the  computer through t h i s  p o s i t i o n  of t h e  

switch r e g i s t e r .  

The c o n t r o l  switching from t h e  o p t i c a l  scanner l i m i t  
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The program a t  var ious  s tages  p r i n t s  ou t  t h e  word W A I T I N G .  The 

program i s  wai t ing for two s i n g l e  d i g i t  c o n t r o l  numbers t o  be typed 
i n t o  che computer. These two numbers a r e  des igna ted  KS and IPS and 
aye entered  i n  t h a t  sequence. 

op t ions  s p e c i f i e d  by these  c o n t r o l  numbers. 
The fol lowing tab le  i n d i c a t e s  t h e  

Ips:? FUNCTION KS 8 

Scan wedge and p r i n t  
I 

9 1 0  

-9 i 
I 

0 I -9 

I 

Scan wedge, no 
heading 
Scan bone 

Scan bone 

Scan bone 

Scan bone 

SPEED 

5 .O cm/min only  

5 .O cm/min only  

Accept speed e n t r y  

Accept speed e n t r y  

Use previous speed 

Use previous speed 

OUTPUT 

NA 

NA 

T o t a l  only 

1 /10  increments 
and t o t a l  

T o t a l  only 

1 /10  increments 
and t o t a l  

F i r s t  WAITING always: 9,9 o r  9,0 

Second WAITING always : -9 ,O or  0 ,-, 
:':Note: 

The number may be any s i n g l e  d i g i t  because ciie program determines 
only i f  it i s  less than ,  equal  t o ,  or g-reater than  zero .  

The value of t h e  numerical  d i g i t  o t h e r  than zero i s  immaterial. 

Step-by-step opera t ing  procedures a r e  g iven  i n  Sec t ion  I1 of t h i s  

r e p o r t .  
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Samples of output  from 'chis program are found i n  Figure 1 7 .  

l ieference can be made t o  these  while reading t h e  fol lowing d e s c r i p t i o n s .  

There a re  s e v e r a l  op t ions  on output  f o r  t h i s  program. 

scan i d e n t i f y i n g  information may be typed i n  fol lowing headings 
t h a t  a r e  p r in t ed  ou t  o r  the wedge can be scanned without t h e  headings.  
Example 1 on t h e  output  snows c o n t r o l  numbers 9,0, t hen  WEDGE, t hen  

W A I T I N G .  This  i s  t h e  sequence f o r  no heading information.  Example 
2 shows t h e  9 , 9  en t ry  which ciiuses t h e  wedge t o  be scanned and 

headings t o  be p r i n t e d .  Following t h e  colon on each e n t r y  any 
c h a r a c t e r  may be typed up t o  a c a r r i a g e  r e t u r n  which te rmina tes  t h e  

l i n e .  
information and/or s k i p  l i n e  spaces .  

t h e  computer causes  t n e  typewri te r  t o  space up s e v e r a l  l i n e s  and 

types  WEDGE i n d i c a t i n g  t h a t  tine computer i s  ready t o  scan the  wedge. 

When t h e  wedge has  been scanned, t h e  computer goes back t o  a wai t ing  

s t a t u s  ready t o  r ece ive  t h e  next  c o n t r o l  numbers. 

On t h e  wedge 

The computer proceeds t o  p r i n t  t h e  next  l i n e  of i d e n t i f y i n g  

When t h e  heading i s  f i n i s h e d  

The bone scan phase has one i n p u t  and s e v e r a l  ou tput  opcions.  
example 3 ,  t h e  e n t r y  -9 ,0  i s  used c a l l i n g  f o r  a speed cnange and rto 

p r i n t  ou t  of one-tenth segments of t h e  t o t a l  i n t e g r a t e d  s e c t i o n .  

The output  i s  as shown. 
pauses for t h e  ope ra to r  t o  make a n  en t ry  t o  i n d i c a t e  t h e  scan speed. 

The computer accep t s  t h e  scan speed, t hen  types  BONE t o  i n d i c a t e  

t h a t  t h e  machine i s  wai t ing  for t h e  bone. 
t h e  p-rintout g i v e s  t h e  number of sample poin ts  and t h e  l eng th  scanned 

This  ou tput  i s  obtained on all bone scans .  Then t h e  t o t a l  i n t e g r a t e d  
area i s  p r i n t e d ,  followed by a sca led  number t o  correspond t o  a wedge 

equiva len t  va lue .  

2, 

The typewri-cer f i r s t  types  SCAN SPEED t n e n  

When t h e  bone i s  scanned, 

Example 4 i l l u s t r a t e s  t h e  output when t h e  p r i n t i n g  of t h e  t e n  segments 
of t h e  t o t a l  area i s  des i r ed .  

Examples 5 and 6 show t y p i c a l  p r i n t o u t s  of bone scan d a t a  f o r  which 
a new scan speed was n o t  en tered .  
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D. I n t e r f a c e  - Computer t o  Densitometer System 

Tne Computer System i n t e r f a c e  with t h e  e x i s t i n g  densi tometer  system 

c o n s i s t s  of two s i g n a l  l i n e s :  
i -unct ionai  with t h e  o p t i c a l  dens i ty  of t h e  f i l m ,  and ( 2 )  a switched 

(1) t h e  analog vol tage  s i g n a l  t h a t  i s  

115vac s i g n a l  t h a t  i n d i c a t e s  t h e  scan l i m i t s  ( t h i s  vo l tage  i s  t h e  
c h a r t  d r i v e  s i g n a l  t o  t h e  Speedomax G recorder  connected t o  t h e  

densi tometer  ou tput ) .  

i n p u t s  t o  t h e  Teletype Input/Output u n i t  provide complete i n t e r f a c e  

with t h e  o r i g i n a l  system. 

These two inpu t  s i g n a l s  a long with t h e  ope ra to r  

The d e t a i l s  of t h e  connections appear  i n  Sec t ion  V of t h i s  document. 
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I V  . SYSTEM MAINTENANCE 

The d i g i t a l  system components suppl ied  on t h i s  c o n t r a c t  were chosen 
co provide long- l i f  e t rouble- f  ree  ope ra t ion  under t h e  a n t i c i p a t e d  opera t ing  
cond i t ions .  However, a system of t h i s  complexity should be checked i n  
accordance with some per iodic  maintenance program t o  a s su re  opera t ion  

meeting o r i g i n a l  s p e c i f i c a t i o n s .  

The system u s e r  should formulate a maintenance program compatible 
with h i s  needs and ope ra t ing  schedules .  
a b a s i s  for a comprehensive system maintenance program: 

The fol lowing o u t l i n e  provides 

1) S p e c i f i c  system components should be maintained as ou t l ined  i n  

manufacturers i n s t r u c t i o n  manuals. 

2 )  The computer program should be loaded i n t o  t h e  computer a t  
l ea s t  once a week. 

3 )  The d i g i t a l  computer should be checked pe r iod ica l ly  (every one 
t o  t h r e e  months) by means of t h e  d i agnos t i c  t apes  suppl ied by 

t h e  computer manufacturers.  Any computer malfunctions should 

be co r rec t ed  by a fac tory  r e p r e s e n t a t i v e .  

4 )  Teletype machines a r e  l i m i t e d - l i f  e devices  and reqiii1-e maintenance 
from time t o  t i m e .  This machine should be opera-cebA no more than  
necessary (when t h e  system is  ON but  i d l e  f o r  long per iods of 
t ime,  t h e  switch on the f r o n t  of t h e  t e l e t y p e  machine should be 
switched t o  the OFF p o s i t i o n ) .  Se rv ice  and maintenance on t h i s  

u n i t  should be performed by t h e  computer r e p r e s e n t a t i v e  or by 

a q u a l i f i e d  t e l e t y p e  serviceman. 

A maintenance program encompassing t h e  foregoing po in t s  should a s s u r e  
optimum system ope ra t ion .  Factory r e p r e s e n t a t i v e  s e r v i c e  on t h e  computer 

system ( inc luding  t h e  t e l e t y p e  machine) can be obtained e i t h e r  on an 
"ON-CALLf7 or on a 7'MAINTENANCE CONTRACT" basis.  
c o n t r a c t  maintenance i s  t h a t  the pe r iod ic  d i agnos t i c  checks a r e  included 

as p a r t  of such a c o n t r a c t .  

A primary advantage of 
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V . CIRCUIT DOCUMENTATION 

A block diagram of t h e  bone d e n s i t y  ins t rumenta t ion  i n  use  a t  TWU 

The dashed blocks i n d i c a t e  t h e  e x i s t i n g  analog i s  shown i n  Figure 1 8 .  

instrumentaYion and t h e  s o l i d  blo-.ks i n d i c a t e  t h e  d i g i t a l  ins t rumenta t ion  

suppl ied  on t h i s  c o n t r a c t .  

con ta ins  a mechanical assembly, o p t i c a l  system, pho toce l l  and p reampl i f i e r  , 
and l i m i t  switches t o  provide t h e  fol lowing s i g n a l s :  

The Knorr-AlDers Scanning Microphotometer 

1) An analog vol tage  f u n c t i o n a l  with t h e  o p t i c a l  d e n s i t y  

( t r ansmi t t ance )  of t h e  f i lm being scanned; 

A s i g n a l  l i n e  t h a t  provides 115VAC dur ing  t h e  scan per iod .  2 )  

I n  tne  e x i s t i n g  instrumentat ion,  a Leeds G Northrup Speedomax G 

Servo Recorder i s  used t o  fol low t h e  p reampl i f i e r  ou tput  vo l tage  and t h e  
115VAC s i g n a l  i s  used t o  advance t h e  c h a r t  paper through t h e  r eco rde r .  

The d i g i t a l  computer sys t e m  i s  programmed t o  d u p l i c a t e  t h e  computations 
of t h e  analog system and r equ i r e s  t h e  same two sets of information: 
t h e  analog vo l t age  f u n c t i o n a l  with f i l m  d e n s i t y ,  and ( 2 )  t h e  s i g n a l  i n d i c a t i n g  

t h e  scan  l i m i t s .  
p r eampl i f i e r  ou tput  vo l t age  i s  about 5 m i l l i v o l t s ,  a n  amplif i e r  
t o  amplify t h i s  s i g n a l  t o  t h e  1 0  v o l t  l e v e l  requi red  by t h e  Analog-to-Digi ta l  

(A/D) Converter i n  t h e  d i g i t a l  co~ ipu te r  . 
(Astrodata  Model 885) i s  used t o  i s o l a t e  t h e  system grounds, and t h e  
1 1 5 V A C  scan s i g n a l  i s  i s o l a t e d  by means of a r e l a y .  

(1) 

Since  t h e  basic  range of t h e  microdensitometer 

An i s o l a t e d  ground a m p l i f i e r  

The system in te rconnec t ions  are  shown i n  F i g u r e  1 9 .  The c i r c u i t  
d e t a i l s  of t h e  microphotometer recorder  can be found i n  Leeds I NoilC:hrup 
Drawing SSS-672-A-10 and t h e  c i r c u i t  d e t a i l s  of t h e  microphotometer can 

bs foilnd i n  Leeds & Northrup Drawing D-2145 ( t h e s e  drawings are  p a r t  of 

t h e  documentation on t h e  e x i s t i n g  analog system). 

connect ions were made a t  t h e  te rmina l  s t r i p  i n  t h e  microphotometer Speedomax 

G Recorder.  

A s  a matter of convenience,  

The As-crodata a m p l i f i e r  &rid i s o l a t i n g  r e l a y  a r e  mounted i n  a c h a s s i s  

assembly loca ted  i n  t h e  t o p  of t he  computer r a c k .  The c i r c u i t  diagram 
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of t h i s  assembly i s  shown i n  F l g u r e  20 .  

of t h e  a m p l i f i e r  provides  t h e  opera tor  with a means t o  se t  and/or check 

t h e  inpu t  vo l tage  t o  t h e  PA/D Converter ( 0  t o  -10 v o l t s ) .  

A meter connected t o  t h e  output  

The analog vo l t age  from t h e  Kstrodata  a m p l i f i e r  i s  connected t o  t h e  

inpu t  t e rmina l s  of t h e  A/D Converter i n  t h e  d i g i t a l  computer. 
Y h i t  r e l a y  provides  a con tac t  c losu re  t o  t h e  computer i n d i c a t i n g  t h e  

scan per iod .  

Converter ,  and a re  connected through a spa re  cab le  i n  t h e  computer co 

t h e  Switch Reg i s t e r  (BIT 1). 

computer drawings.)  

sense  scan l i m i t s  ( s e e  Sec t ion  111). Tele type  connections a r e  no t  shown 
i n  F igure  1 9  because t h i s  u n i t  i s  included as p a r t  of t h e  computer. 
t h a t  t h e  power switch on t h e  computer a c t i v a t e s  a l l  components i n  t n e  
d i g i t a l  system. 

The scan  

These connections a r e  made a t  spare  t e rmina l s  i n  t h e  A/D 

(These connections a re  documenxed on che 

The program u t i l i z e s  t h i s  b i t  i n  t h e  program -co 

liote 

T e s t s  with t h e  d i g i t a l  system ind ica t ed  t h a t  t h e  microdensitometer 
p r e a . ? l i f  i e r  d r i f t  was excessive and d i d  not  permit good r e p e a t a b i l i t y .  
The  vacuum cube p reampl i f i e r  was rep laced  with a t y a n s i s t o r i z e d  u n i t  

e x n i b i t i n g  f a r  supe r io r  d r i f t  c h a r a c t e r i s t i c s .  
i s  shown i n  Figure 2 1  and rep laces  t h e  ''Lamp Cont ro l  
shown i n  Leeds E Northrup Drawing-  D-2145. 
c h a r a c t e r i s t i c s  were maintained a s  i n  t h e  o r i g i n a l  p reampl i f i e r  uni-c. 

The diagram of t h i s  u n i t  
Amplif ier  Fanel" 

Operating c o n t r o i s  aiTd 
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